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I NTRODUCTI ON 
An Asiatic fish, the goldfish, Carassius auratus L., 
has been introduced into most countries of the world and 
has been used as an ornamental fish (Cohen, no date), ex-
perimental animal (Clemens, 1965) and as bait (Dolan, 1960) 
or food for bass (Lewis, Gunning, Lyles and Bridges, 1961). 
Goldfish have spread accidentally into streams and lakes 
(Dolan, 1960). There are many goldfish in the upper portion 
of the Illinois River and they are of various sizes, kinds, 
shapes and come in various colors (Farm Pond Harvest, 1969). 
Although much has been done in rearing goldfish in ponds 
(Anderson, 1963), little has been published on wild population 
of goldfish. Length-weight data have been given for wild 
goldfish in Iowa ponds (Fessler, 1949) and in Alabama ponds 
(Swingle. 1965). 
The goldfish population in Lake LaVerne was selected 
for my study. 
2 
DESCRIPTION OF STUDY AREA 
Lake LaVerne is located on the Iowa State University 
campus just west of Memorial Union, with a surface area of 
11,418 square meters (1.142 hectares or 2.821 acres). It 
was a gift in 1916 to Iowa State University from Dr. LaVerne 
W. Noyes. Lake LaVerne originally was a marsh through which 
a stream ran. A dam was built at the south end of the lake 
in 1916 (Iowa State Daily, June 21, 1962). In 1933, 25,000 
cubic yards of sediment was removed by the Civilian Conser-
vation Corps and a diversion channel built to carry flood 
water around the lake. A border of limestone was built 
around the shore at this time. In 1959, 30,000 tons of silt 
were dredged from the lake. College Creek was then complete-
ly diverted to avoid pollution from the hog farm and other 
areas. The dam was reconstructed and the lower end of the 
lake modified when Lincoln Way was widened in 1964. 
Lake water sources ares (1) An inflow on the west 
end of the lake carries warm water in very small amounts. 
This water had a temperature of 24.50 C when the rest of the 
lake was frozen in winter, 1969. and 240 C on June 13. 1969, 
when the lake water temperature was 220 C. (2) Water from 
the air conditioning of Memorial Union enters the lake from 
the east side. This water is generally warmer than the lake 
water. In 1967, a diversion was established so that the 
water can be run into the lake only when needed to maintain 
3 
the water level. The water is from wells, and when it 
becomes aerated in the lake precipitates a flocculant iron 
deposit and gives off an objectionable sulfur odor (Car-
lander, K.D., Ames, Iowa. Personal communication. 1969). 
(3) Runoff, rain and snow, are from the immediate watershed. 
The rock and concrete dam at the southeast end of the lake 
maintains fairly stable water levels. Water is also added 
from the Memorial Union outlet to maintain levels if they 
get low. 
Samples showed a black mud covering the lake bottom as 
a result of organic decomposition. The bottom is soft, and 
it is difficult to walk on. Water samples, benthos and plank-
ton were collected from three stations: The first station 
was on the north shore, the second was on the east shore, 
and the third station was on the south shore opposite 
Station 1 (Figure 1). 
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LIMNOLOGICAL OBSERVATI ONS 
Routine limnological observations were made at weekly 
intervals, June 7 to August 23, 1968 (Table 1). Dissolved 
oxygen was determined by the Winkler Method (American Public 
Health Assoc., 1965). From June 7. 1968, to August 23, 1968, 
the dissolved oxygen ranged be~veen 8.1 and 12.5 ppm and 
averaeed 10.0 ppm. Additional weekly readings from August 30 
to November 22, 1968, ranged from 5.0 to 12.0 ppm, except 
for one reading taken in the afternoon which was 13.8 ppm. 
Limnological class records (Carlander, K.D., Ames, Iowa. 
Personal communication. 1969) indicated that on October 3, 
1949. the dissolved oxygen readings were 10.0 ppm at the water 
surface and 11.8 ppm at 4 feet from the surface. 
Specific conductance was measured with a platinum elec-
trode cell and calculation procedure followed Standard r.iethods 
(American Public Health Assoc., 1965). The results ranged 
between 436 mho/cm x 10-6 and 585 mho/cm x 10-6 and averaged 
528 mho/cm x 10-6• The first five results decreased slowly 
then increased again probably because of changes in the 
amount or quality of the water flowing into the lake. 
The pH, measured with a Beckman pH meter, ranged between 
7.45 and 8.50, with an average of 7.80. On october 4. 1948, 
the pH was 8.80. In October, 1949, at 3 p.r'l., the pH at 
water surface was 8.10 and 7.2 at 4 feet below water surface. 
Although there is not much information for the previous years, 
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8 
there seems to have been little change. 
Total alkalinity was obtained by following the procedure 
in the Hach manual (Hach Chemical Company, 1967). The results 
ranged from 110 ppm CaCo3 to 184 ppm caCo3 with an average of 
159 ppm caco3 (Table 1). 
The Secchi disk is about 20 cm in diameter, painted 
black and white in quarters, and hung on a calibrated chain. 
The person Who used the disk stood against light source 
from the east and dipped the disk in his shadow to reduce 
light reflection on the water surface. All the readings were 
taken in water more than one meter in depth. Secchi disk 
results ranged from 37 cm to 82 cm with an average of 61 cm, 
for the period between June 7 and August 23. 1968. For the 
period of August 30 to November 8, 1968, the Secchi disk 
readings ranged from 52 cm to 82 cm. From field data notes 
in Dr. K.D. Carlanderts office, on October 4. 1948, the 
Secchi disk readings were 34 cm in deep water and 17 cm in 
shallow water. On October 3, 1949, the Secchi disk reading 
was 58 em. 
Lake color was due to the silt particles and the or-
ganisms in the water. The lake was brown and then changed 
to greenish as a result of algae growth for three wee:{s 
then changed back to the brown color, as shown in Table 1. 
From August 30 to November 8, 1968, the lake had a greenish 
cast on October 4, but was brown on the other weekly exam-
inations. 
9 
Water temperature was recorded as an average at the 
three stations. The temperature ranged from 19.50 C to 
280 C with an average of 24.70 C (Table 1) during the summer 
but dropped to 1.50 C by November 22, 1968 (Figure 2). 
Air temperature was also an average of the three stations. 
The air temperatures were lower than water temperatures pri-
marily because the temperatures were recorded early in the 
morning. The diurnal fluctuations in water temperatures are 
less than those of the air. 
10 
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VEGETATION 
There have been many complaints some years because the 
aquatic plants were so abundant in the lake. In t966, aquatic 
weeds (Potamogeton sp.) occupied most areas of the shoreline 
but did not occur in deeper water. In 1967. the entire, or 
almost the entire, lake showed a thick growth of pondweed, 
identified as Potamogeton foliosus, and filamentous algae of 
unknown species, Aquathal was used on August 2, 1967, to 
control the aquatic vegetation and the algae. There was 
little vegetation in the fall after the treatment; and even 
in 1968, vegetation was less abundant than in most previous 
years. One measure of its abundance was made on July 29. 
Station 1 was chosen because the bottom there was suitable 
to sample and the water depth changed slowly off the shore. 
An area of 1 meter width and 6 meters length was sampled by 
sticking four rods in the corners of each square meter. The 
first and the second square meters were sampled with no 
problems. As the area became farther from the shore, the 
vegetation on the bottom could not be seen but could be 
pulled by hand. The vegetation was cleaned from big sticks, 
and the vegetation was shaken gently in the water to remove 
the mud. 
tic bags, 
The six samples were put in separate labeled plas-
It was difficult to sample the seventh square 
meter off shore because the water was so deep that arms were 
too short to pick the vegetation from the bottom. The depth 
13 
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at the end of the sixth square meter was 96 cm (Figure 3). 
In the laboratory all organisms which came in the vege-
tation were picked off and counted. Not all the organisms 
have come with the samples, because some of them might be 
washed in the lake water when the samples were shaken to 
remove the mud. The samples were washed in tap water and 
more small debris picked out. Each sample was put on a 
piece of sieve and was shaken in the air to drop the extra 
water. The vegetation was dried in an oven at 37.50 C for 
48 hours and weighed (Table 2). 
The first square meter beside the shore contained two 
different kinds of vegetation, Eleocharis sp. and Potamo-
geton sp. Eleocharis was not found in the intestinal con-
tents nor did the fish eat it in the laboratory, but~­
mogeton was an important food. The density of the vegeta-
tion (Table 2) decreased gradually until the third square 
meter. then increased to the fifth square meter. 
The organisms on the first square meter were 80~~ of 
the total on 6 meters. The lowest percentage of organisms, 
2.23% of the total, was in the second square meter. maybe 
because fish other than goldfish hide in this area and feed 
on the organisms. 
Chironomid larvae in the first meter were 76% of the 
total organisms in that square meter. Leeches of the order 
Arhynchobdellida were found in the first, second, and fifth 
meters. Oligochaetes and chironomids were present in all the 
16-17 
6 meters. Caenid mayfly naiads were found in the first two 
square meters. Three snails were picked from the first 
square meter. 
Table 2. Dry weight of vegetation and numbers of inverte-
brates in each square meter. 
Meters from 
shore 1 
Depth at outer 
16 edge in em 
Potamogeton sp. 
weight in grams 35.6 
Eleocharis sp. 
weight in grams 4.9 
Arhynchobdellida 20 
Oli go chaeta 73 
Chironomidae 297 
Caenis sp. 2 
Gastropoda 3 
2 
33 
21.4 
3 
2 
5 
1 
3 
44 
4.6 
3 
9 
4 
59 
3 
29 
5 
82 
2 
11 
18 
6 
11.5 
3 
9 
18 
BOTTOM FAUNA 
Benthos was collected 2 meters from shore at Stations 
1 and 3. with an Ekman dredge 15.2 x 15.2 cm on a bi-weekly 
basis. Many samples had to be repeated more than once when 
sticks were between the dredge jaws. The samples were 
poured into a 28-mesh seive (Needham and Needham, 1967). 
Water was added to wash out the mud and the residuals were put 
in labeled plastic bags. 
In the laboratory the samples were spread in a white 
enameled tray and all the organisms were picked out. Dr. 
W. Gale later helped in identifying the organisms. Chiron-
omid larvae were present in 15 samples, oligochaetes in 14 
samples, leeches in 6 samples. and caenid larvae from 3 
samples (Table 3). The least abundant was the dragonfly, 
Ladona sp., found once in June and once i~ Oc'tober. 
From field notes in Dr. K.D. Carlander's office, the 
following data were recorded. On October 4. 1948, an Ek-
man dredge used in 66 cm depth of water gave, 
285 annelids 
335 sphaerid clams 
4 Campeloma snails 
2 Margaritana clams 
42 chironomid larvae 
1 water mite 
from shallower water gave: 
Planorbis snails 
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Valvata snails 
Physella snails 
20 
Ekman dredge sample from 91 cm depth gave: 
62 sphaerid clams 
JJ4 annelids 
1 Chaoborus larva 
1 Trichopteran larva 
Probably the clams and most of the snails died when chem-
ical compounds were added to control the aquatic weeds and 
algae, as few live snails and no clams were found in 1968. 
Many shells of dead fingernail clams were in our samples, 
but we did not count these. 
21 
PLANKTON 
Samples of lake water from each station were collected 
on a weekly basis. A subsample of 100 ml in a 60 cm glass 
tube was undisturbed for one week with 9 ml of 10% formalin. 
The upper part of the water in the tube was taken by a 
rubber bulb with a long tube and the 10 ml in the bottom 
put into a labeled vial. 
The three subsamples from the same date of collecting 
were mixed, and 10 ml was taken to represent them in one 
sample. The purpose of mixing these three subsamples was 
that it is easier to analyze 29 subsamples than 87. A clean 
eyedropper was used to remove the sample from the thoroughly 
shaken vial. 
A Levy-Hausser counting chamber was used to count all 
the organisms in a known volume of the subsample. One drop 
was enough to fill the calibrated area under the cover slide. 
A 4)Ox magnification was used to identify and count the 
organisms 0 Keys in Smith, 1950, Prescott, 1964, and U.S. 
Depto of Health, Education and Welfare, 1959, were used for 
identification on phytoplankton and in Eddy and Hodson, 1961, 
for Zooplankton. Broken parts of Zooplankton were noticed 
occasionally in the calibrated area, but the whole animals 
were seen only out of the area and thus not counted. These 
were Cyclops sp. 
The concentration in thousands of organisms per ml 
(Table 4) were obtained as an average of three readings from 
22 
Table 4. Seasonal distribution of planktonic organisms. 
Numbers represent thousands of individuals in one 
milliliter of lake water. 
Month May June July Aug. Sept. Oct. Nov. 
No. of 
Collections 4 5 4 5 4 4 3 
-
CHLOROPHYCEAE 
Chlorella 12.8 7.5 4.4 9.6 7.7 14.4 11.6 
Ankistrodesmus 5.0 1.2 8.3 2.5 4.4 2.2 0.4 
Micractinium 16.6 0.9 0.15 0.36 0.38 0.23 1.3 
Actinastrum 0.15 0.02 0.25 0.23 0.2 
Scendesmus 0.25 0.75 0.36 1.2 0.9 0.3 
Pediastrum 0.04 
MYXOPHYCEAE 
Anabaena 0.075 4.3 0.65 0.62 0.02 0.07 
Anabaenopsis 0.12 0.08 0.15 1.5 
CHRYSOPHYCEAE 
Trachelomonas 0.06 0.48 1.0 2.4 0.72 0.4 
Dinobryon 4.2 0.78 0.15 0.58 1·3 1.3 
Peridinium 0.33 1.3 0.9 0.25 
Ceratium 0.06 
BACILLARIOPHYCEAE 
Navicula 0.175 0.18 2.0 1.0 0.8 1.1 0.23 
C~bella 0.175 0.18 1.2 0.3 0.12 0.15 0.17 
Synedra 0.73 1.1 1.8 0.58 0.85 0.9 0.23 
ROTATARIA 
Keratella 0.12 0.03 
UNIDENTIFIED 2.5 1.6 61.0 3.0 4.6 3.5 0.83 
23 
the calibrated area. The calibrated area was 1 square milli-
meter surface and 0.1 millimeter depth. The number of or-
ganisms counted multiplied by 1,000 gives the number per 
milliliter of lake water. 
Four classes in three phylla of phytoplankton were rep-
resented in the samples. Rotifers were noticed in August and 
September, 1968. Chlorella sp. (green algae) were noticed in 
all the subsamples in high concentration. 
Ankistrodesmus and Micractinium were found in all the 
months of sampling. Actinastrum was found in May and then in 
the later months. Scendesmus appeared in the subsamples from 
June 3 to the first of November. The highest concentration 
was in September. Pediastrum was found once in August. 
Blue-green algae were represented by two genera--Anabaena and 
Anabaenopsis. The first occurred more often tPan the second. 
On June 28, 1968, the highest concentration of Anabaena in-
dividuals was found in the sample. Anabaenopsis was found 
on October 4 in its highest density. Trachelomonas appeared' 
in the samples in late June while Peridinium appeared one 
week later. They were found together in most of the samples. 
The flagellate Ceratium occurred once in late August. 
Diatoms were represented by the genera Navicula, Cym-
bella and Synedra, in all months. All other cells which 
could not be related to one of the above groups were put 
under the unidentified organisms. 
24 
FISHES 
History 
According to an article in the Iowa State Information 
Service (December 16, 1960) some Ames sportsmen first stocked 
Lake LaVerne in 1932 with catfish, Ictalurus punctatus, 
some northern pike, Esox lucius, and a few black bass, 
r;;icropterus salmoides. Green sunfish, Lepomis cyanellus, and 
orangespotted sunfish, Lepomis humilis, probably got in from 
the stream or were brought in with other fish. 
The following reports came from records in Dr. K.D. 
Carlander's office. In May, 1937, the following fishes were 
caughtr 
114 orangespotted sunfish total lengths ranged from 
58 to 94 mm 
101 green sunfish total lengths ranged from 
62 to 101 mm 
8 orangespotted and green total lengths ranged from 
sunfish hybrids 90 to 107 mm 
3 bluegills, Lepomis total lengths ranged from 
machrochirus 94 to 101 mm 
In April, 1938, 5 seine hauls gave 1,775 fish distributed as 
follows: 
55.00% orangespotted sunfish 
40.50% green sunfish 
4.00% bullheads, Ictalurus sp • 
• 25% bluegills 
.25% others 6 fathead minnows, Pimephales promelas 
2 bullhead minnows, Pimephales vigilax 
25 
In May, 1948, 4388 fish were caught in Lake LaVerne, 
5 bullheads 
59 bluntnose minnows, Pimephales notatus 
others were green sunfish, orangespotted sunfish and 
hybrids. Standard lengths ranged from 24 to 134 mm for 
the green sunfish and 34 to 94 mm for the oranges potted 
sunfish and hybrids. The fish population was estimated 
at 65,277 t 9,831. 
Seining took the following fish May 23, 1949. 
137 orangespotted sunfish with total lengths of 33 to 
94 mm 
36 green sunfish. total lengths from 47 to 130 mm 
8 bluntnose minnows 
In June, 1951. the fish population was estimated at. 
95% confidence 
interval 
35.231 orangespotted sunfish under 5" 2Z,042 - 61,038 
3,809 green sunfish under 5" 
4 green sunfish over 5" 
2,824 - 5,410 
1 goldfish-taken for the first time in the history 
of the lake 
3 creek chubs, Semotilus atromaculatus 
There is a report of an i1-pound flathead catfish, 
Pylodictis olivaris, caught in the late 1950's in Lake LaVerne. 
A large number of bullheads were stocked for a kid's fish 
day in the early 1950·s. 
Almost all sunfish had been killed out in the 1950's, 
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and orangespotted sunfish have not been taken since. In 
1962, Methoxychlor, used in the tree spraying program, killed 
thousands of minnows and some large carp, about 32 inches in 
length and 20 pounds in weight (Ames Daily Tribune, November 
5. 1962). 
On April 1, 1967, accidental spraying of the lake from 
a helicopter resulted in a fish kill, mostly goldfish. In 
the summer of 1968, Tilapia aurea were stocked in the lake. 
They grew well during the summer but could not survive the 
cold winter. Tilapia aurea were again stocked in the summer, 
1969, plus some channel catfish, Ictalurus punctatus. 
Fish Collections in 1968 
From June to late November, 1968, goldfish were taken 
regularly from two wire basket traps. These bas~~ts were 
. 
located near station 3 and between Stations 1 ~~d 2. Dif-
ferent places were tried, but none provideq a good catch 
until the positions which are described above were obtained. 
The first basket was put near a feeding lot for waterfowl. 
The second basket was put in deeper water where goldfish 
groups had been noticed. The wire baskets were suitable 
for catching small goldfish but took few larger ones. 
Experimental gill nets were used many times overnight 
or during the day. A few big fish were caught with this 
gear. TWo experimental gill nets were placed vertically to 
the bank overnight but did not catch more fish compared to 
27 
a single gill net. 
An electric shocker was used twice in 1968 and once in 
1969. It seems to be more selective of the larger fish. This 
gear worked very effectively in shallow water where the 
goldfish grouped. The shocker required two or more people 
to operate it. 
The total catch was 259 goldfish, and 12 others as 
follows. 
Date 
1968 
5/30 
7/5 
8/29 
9/15 
8/3 
8/29 
9/15 
8/30 
7/18 
8/30 
10/3 
10/3 
Species TL mm 
Bluegill 256 
Green sunfish 210 
Green sunfish 101 
Green sunfish 181 
Black bullhead 210 
Black bullhead 217 
Black bullhead 369 
Carp, Cyprinus carpio 295 
River carpsucker, 368 
Carpiodes carpio 
Channel catfish 307 
Tilapia, Tilapia aurea 205 
Tilapia 54 
SL mm 
85 
152 
178 
177 
300 
235 
283 
250 
178 
43 
Weight 
(grams) 
652 
185 
20 
132 
184 
200 
727 
459 
659 
348 
160 
2 
Gear 
Shocker 
Basket 
Gill nets 
Gill nets 
Gill nets 
Gill nets 
Gill nets 
Gill nets 
Gill nets 
Gill nets 
Gill nets 
Seine 
A seine was used a few times to collect some goldfish 
infected with parasites but these fish were not included 
with the other collection data. The following table shows 
the percentage of goldfish taken by each method. 
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Type of gear Percentage Size range of gold-
fish (SL in mm) 
Wire basket 71.0% 24 - 86 
Electric shocker 2).7% 6) - 271 
Gill net 5.3% 69 - 240 
Population Estimates in September, 1968 
In September, 1968, the fish population was estimated 
by the mark and recapture method as part of the fisheries 
management class activity. The goldfish and green sunfish 
over 40 mm, standard length, were fin-clipped. An electric 
shocker and seine were used to collect the fish. During 
the first week, 1,48) goldfish (8 of which died and were 
subtracted from the total) and 47 green sunfish were marked 
and released during seven collection periods. No sunfish 
were recaptured, but 41 fin-clipped goldfish were taken 
in during this period. We were thus able to use the Schnabel 
formula for population estimates (Lagler, 1956): 
P =~M(u + r),h:r 
where. P = population 
and M = number of fish marked into the population 
u = capture of unmarked fish from the population 
r = recaptured marked fish 
The population estimate was 22,)85 goldfish for the 
first week. During the second week the catch was considered 
as a single sample and a Peterson type estimate was madel 
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Total catch of goldfish 2018 recapture 79 
Total catch of green sunfish 136 recapture 0 
2bfa = 14i5 = 37,678 goldfish 
The 95% confidence interval was from 30,100 to 46,097 (Adams, 
1951). 
There were 6 Tilapia aurea and 7 minnows, Pimephales sp., 
in the total catch. 
Lagler (1956) and Ricker (1958) listed a number of 
assumptions which should be met when the mark and recapture 
method is used, 
1. That the marked fish suffer the same natural mortality 
as the unmarked fish. The 8 fish which died during the sam-
pling and marking were subtracted from the total marked fish. 
It is believed that other mortality was insignifi~ant over 
the two-week period. 
2. That the marked fish are as vulnerable to'the gear as 
are the unmarked ones, All recaptured fish were taken with 
the electric shocker, only a few fish were collected with a 
bag seine. These two types of gear are not as selective 
as others. The larger goldfish and perhaps others in the 
deeper water were not adequately sampled, and the estimate 
is therefore probably low. 
3. That the marked fish become randomly mixed with the 
unmarked. The period between marking and recapturing was 
long enough for the fish to mix in a lake of this size. 
The fish may remain in the areas where they were released. 
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Sampling was done around most of the shoreline. 
4. That the marked fish do not lose their marks. Within 
two weeks, fins could not regenerate enough to eliminate 
the mark. 
5. That all marked are reported on recovery. All fish were 
examined by members of the fisheries management class. 
There was no one else fishing in the lake. 
6. That there is only a negligible amount of recruitment 
to the catchable population during the time the recoveries 
are being made. Within the two weeks. no recruitment could 
take place. 
Goldfish have been noticed on warm days in 1969 in 
groups near the lake surface. It was suggested that a count 
of the visible goldfish would give a population estimate 
which could be compared with the population estimated by 
the mark and recapture method in 1968. On May 27, 1969. in 
the afternoon, I walked around the lake and counted the 
goldfish near the lake surface. The result was 9,700 gold-
fish, and this was t of the population estimated in Septem-
ber, 1968, probably because most of the goldfish were swim-
ming around and the water surface reflected the sunlight 
when the counting was done. 
Using the length-frequency of 1,524 goldfish measured 
during the population estimate, it is pOSsible to estimate 
the weight of the population (Table 5). The total weight 
was estimated at 765 kilograms, or 670 kilograms per hectare 
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Table 5. The standing crop in September, 1968. 
Average Number of Calculated Total 
SL mm weight goldfish number of weight 
in grams* observed goldfish in grams 
4@-49 4.60 91 2,250 10,350 
50-59 8.26 253 6,255 51,666 
60-69 12.88 534 13,202 170,041 
70-79 19.23 342 8,010 154,032 
80-89 27.29 138 3,412 93,113 
90-99 37.24 69 1,706 63,531 
100-109 49.32 41 1,014 50,010 
110-119 63.53 28 692 43,963 
120-129 80.35 20 494 39,693 
130-139 99.54 11 272 27,075 
140-149 121.60 5 124 15,078 
150-159 146.60 6 148 21,697 
160-169 174.60 2 49 8,555 
170-179 
180-189 
190-199 
200-209 299.20 1 25 7,480 
210-219 342.80 1 25 8.570 
1,524 37,678 764,853 
* Calculated from the equation log W = - 3.964 + 2.799 
log L, which is described later in the thesis, 
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(598 pounds per acre). 
Carlander and Moorman (1956) found an average standing 
crop of 274 pounds per acre, with a range of 57 to 1,235 
pounds per acre for 20 unbalanced ponds in Iowa. The un-
balanced ponds were those which did not have reproducing 
largemouth bass and bluegills and the Lake LaVerne popula-
tion is thus in this category. 
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LIFE HISTORY OF GOLDFISH 
Length-Weight Relationship 
From May 30 to November 26, 1968, 259 gold~ish were 
caught, not including the fish caught by the class for pop-
ulation estimation. Most of the gold~ish in September and 
November were caught with the electric shocker, and averaged 
larger than the goldfish caught during the summer in the 
wire basket traps. The total and standard lengths were 
recorded in the laboratory in millimeters, and the weights 
were recorded in grams. A balance, with maximum capacity of 
500 grams, was used for weighing fish. The goldfish over 
500 grams were cut in pieces and weighed separately. 
Total lengths of goldfish ranged from 34 - 368 mm 
Standard lengths of goldfish ranged from 2!t;-.271 mm 
Weight of goldfish ranged from .8 - 680 gr 
The caudal fin varied considerably among the goldfish, 
perhaps because of past selection for long-finned races. 
Standard length thus seemed most representative of the size 
of the fish. The following data show the change in the 
ratio between total length and standard length for different 
size groups of goldfish, 
TL/SL Number of goldfish Range of total length in mm 
1.358 6 200-368 
1.366 20 110-149 
1.440 13 59-79 
TL = total length SL = standard length 
The big goldfish had shorter caudal fins than smaller gold-
fish in relation to their body length. Carlander and Fredin 
(1948) found that TL = 1.499 SL in one pond where the gold-
fish had long droopy tails and fins. 
The relationship between the standard lengths in milli-
meters and the weight in grams (Figure 4) for 100 gold-
fish is represented by the following logarithmic equation: 
log W = 2.799 log L - 3.964 
where: W = weight in grams 
and L = standard length in millimeters 
All the fish over 100 mm standard length were included in 
calculating the equation of the length-weight relationship, 
but only 40 fish were used in the range 61-80 standard length. 
A t-test showed the slope 2.799 to be significantly 
different (0.05 level) from a slope of 3.00. The slope 
2.799 in this equation means that the bigger goldfish have 
thinner bodies than those of the smaller ones. A higher 
percentage of large goldfish were taken in the autumn than 
in the summer and this may have biased the sample. Fessler 
(1949) found the relation between length and weight repre-
sented in the equation, 
log Y = 2.73192 log X - 4.34188 
where: Y = W 
and X = L 
The slopes in the two formulas are similar and the higher 
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Figure 4. The relation between the standard length and the 
weight for 100 goldfish. The dots represent 
log weights at 0.04 intervals of log length. 
(!) 
o 
..J 
2.20 
2.10 
36 
STANDARD LENGT.H IN MILLIMETERS 
z 
LOG W· 3.964 +2.799 LOG L 
~I I I I I I I I I I 11 
1.76 1.80 1.84 1.88 1.92 1.96 2.00 2.042.08 2.12 2.16 2.20 
LOG L 
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intercept value - 3.964 for the Lake LaVerne fish indicated 
that they were heavier for their lengths than the goldfish 
in the pond studied by Fessler. 
Condition Factor 
Condition factors (Table 6) were calculated as illus-
trated by Hile (1936) using the formula: 
K = W x 105 
L) 
where. W = weight in grams 
and L = standard length in mm 
The average condition factor for 238 goldfish was 4.58. The 
values are quite variable. perhaps because of difficulties in 
accurately weighing the small fish. The average condition 
factor increased to a maximum in August and decreased to a 
minimum in November (Figure 5). Carlander (1948) determined 
the average condition factor K = 3.540 for 197 goldfish in a 
pond in Iowa. The goldfish in Lake LaVerne are relatively 
plump, perhaps because of little competition with other 
species. 
The condition factors within each month do not decrease 
with increase of length of the fish as would be expected 
with a slope of 2.799 in the length-weight relationship. 
The difference between months may explain the discrepancv. 
since many of the larger fish in the length-weight regression 
came from the autumn collections. 
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Table 6. Condition factor, K = W x 105, for 238 goldfish 
L3 
collected in 1968. 
Date No. 
1968 
SL range (mm) Wt. range (g) K K range 
May 1 270-279 680 3.42 
June 6 40-49 2.5-5.5 3.81 2.98-4.82 
9 50-59 4-9 4.47 3.20-6.03 
1 60-69 16 6.40 
1 70-79 18 4.44 
2 90-99 26-56 4.89 3.45-6.33 
19 4.41 
July 3 20-29 .7-1.0 4.62 3.98-5.79 
24 40-49 2-7.0 4.45 2.55-7,13 
20 50-59 3-11 4.59 2.26-6.26 
8 60-69 5.5-13.5 4.37 1.91-5.56 
2 70-79 20.5-22.0 4.48 4.32-4.64 
1 90-99 40 4.38 
1 200-209 454 5.19 
1 210-219 518 5.14 
1 220-229 536 4.77 
-1 240-249 636 4.60 
62 4.52 
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Table 6. (Continued) 
Date No. 
1968 
SL range (mm) Wt. range (g) K K range 
Aug. 10 40-49 3-7 5.06 3.29-6.33 
35 50-59 5-11 5.00 3.77-6.40 
20 60-69 10-16.5 4.73 4.00-5.66 
3 70-79 16-19.0 4.64 4.37-4.88 
1 90-99 40 4.97 
1 100-109 43 4.05 
....1. 110-119 72 !±.ill 
71 4.90 
Sept. 1 30-39 2 3.64 
7 50-59 6-9.5 4.70 4.03-5.41 
17 60-69 9-15.5 4.43 3.66-5.20 
6 70-79 17-27 4.65 4.21-5.69 
14 80-89 19-36 4.83 3.71-5.27 
10 90-99 31-45 4.66 4.25-5.39 
6 100-109 44-69 5.13 4.40-5.80 
3 110-119 81-105 6.11 5.65-6.90 
1 120-129 114 5.84 
1 140-149 101 3.31 
~ 150-159 81.5-209 4.02 2.32-5.72 
68 4.71 
Oct. 1 90-99 23 2.86 
1 120-129 64 b1Q 
l 3.28 
40 
Table 6. (Continued) 
Date No. SL range (mm) Wt. range (g) K K range 
1968 
Nov. 6 80-89 16-23 2.91 2.38-3.49 
3 90-99 25-35 3.47 2.91-4.35 
1 100-109 43 3.32 
2 110-119 41-61 2.75 2.63-2.87 
2 120-129 61-67 3.58 3.43-3.53 
-1 150-159 152 .:h.Z§. 
15 3.17 
Total 238 4.58 
Age and Growth 
The scale method was used to determine the age and the 
growth of the goldfish. The scales of goldfish are of the 
cycloid type, and the annuli can be traced to the posterior 
part of the scale to some extent. More than five scales from 
each goldfish were collected above the lateral line and in 
front of the dorsal fin (Lagler, 1956). These scales were 
kept in labeled envelopes after they were pressed between 
two soft papers to get rid of the moisture on the surfaces. 
There were many regenerated scales in the samples. 
Wunder (1949) also found many regenerated scales on gold-
fish. This phenomenon is a result of the weak attachment 
of the scales to the skin. Handling the goldfish causes 
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many loose scales. The regenerated scales have a wide focus 
which makes it impossible to locate the nearest annulus if 
it is present and for this reason are not recommended for 
use in back-calculation. 
A subsample of 143 goldfish scale envelopes was chosen 
to study age and growth (Table 7). All the scale samples 
of fish more than 80 p~ standard length were included, but 
only some of the smaller fish were included. 
Plastic impressions of the scales were made by the 
roller press similar to that described by Smith (1954). 
Four or more scales without regenerated foci were selected 
from each fish. An image of 40X was secured from the plas-
tic slides with a microprojector similar to one described 
Table 7. Distribution of total catch and of selected scales 
used in determination of age and growth, and the age 
groups according to scale readings. The numbers of 
fish in each group corrected to represent the 259 
fish are included in parentheses where these differ. 
r"~onth 259 143 
1968 SL mm fish fish Age group 
aged 0 I II IV 
~ay 260-279 1 1 1 
June 
July 
40-59 
60-79 
80-99 
20-39 
40-59 
60-79 
80-99 
17 
2 
2 
3 
53 
10 
1 
1 
13 
8 
1 
(3) 
10 (41) 
3 (4) 
(17) 
(2) 
1 (2) 
3 (12) 
5 (6) 
1 
44 
Table 7. (Continued) 
I¥;onth 259 143 
1968 SL mm fish fish Age groul' 
aged 0 I II IV 
July 200-219 2 2 2 
220-239 1 1: 1 
I 
240-259 i 1 1 1 
Aug. 40-59 54 18 11 (33) 7 (21 ) 
60-79 23 21 5 16 (18 ) 
80-99 1 1 1 
100-119 2 2 1 1 
Sept. 20-39 1 (1 ) 
40-59 7 (7) 
60-79 23 19 8 (10) 11 (13 ) 
80-99 25 24 20 (21 ) 4, 
100-119 9 9 1 8 
120-139 1 1 1 
140-159 3 3 3 
oct. 80-99 1 1 1 
120-139 1 1 1 
Nov. 60-79 1 1 1 
80-99 8 8 8 
100-119 3 3 2 1 
120-139 2 2 2 
140-159 1 1 1 
Total 37 (104) 78 (127) 27 r 
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by Van Oosten and others (1934). Best image on the screen 
was used to determine the number of annuli on the scale. 
Card strips were placed on the scale image with the end of 
the card on the center of the focus. Distances between the 
focus, the annuli and the anterior edge were marked with a 
pencil on the card strip. The scale samples were examined 
at random twice before comparing the results. Agreement of 
66% of the scale samples occurred after the second reading. 
The rest of the scales were examined for the third time and 
gave an additional 31% agreement. This left 3% of the scales. 
Carlander (1956) suggested that the fish on which scale 
readings do not agree be assigned to the most likely age 
group on the basis of all available information and that 
the number of fish so assigned be reported in the paper. 
The annulus appeared as a dark field in the anterior 
part of the scale as a result of the crowded circuli (Fig-
ure 6). However, crowded circuli on the anterior field 
were not enough to distinguish a real annulus. There are 
lateral features which help to distinguish the annulus. 
Watanabe (1955) described three characteristics of aru1uli 
on the lateral fields of scales in one race of goldfish; 
he called them types A, B, and C (Figure 7). All thre·e 
types were found in my study and are indicated in the 
scale pictures. 
Figure 8 shows a scale of goldfish in its first year 
of life. There is a wide distance between the circuli 
46 
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Figure 8. 
Figure 9. 
Scale of 60 mm goldfish (10.5 gr) collected 
August 16, 1968. No annulus is evident. 
Scale of 80 mm goldfish (27 gr) collected Sep-
tember 2, 1968. One annulus. 
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around the focus to the edge. There is no evidence of an 
annulus. Figure 9 shows a scale of goldfish of standard 
length 80 mm. There is one annulus about 1/3 of the distance 
between the scale focus and its edge. The anterior part of 
the scale is similar to Figure 6. The lateral part is 
similar to type B in Figure 7. Part of the annulus appears 
on the posterior part of the scale. 
Figure 10 shows a scale of goldfish in the age group 
II. There are two annuli around the focus. The outer 
annulus is similar to type B in Figure 7 with a deep cutting 
over of circuli in its left posterior edge. The annulus 
nearer to the focus resembles the type A in Figure 7. The 
nearer annulus is clear on the posterior part of the scale. 
The annulus far from the focus has a light trace on the 
posterior part of the scale. 
Figure 11 Shows a scale of goldfish with two annuli. 
The first annulus is evident all around the scale and 
similar to type B in Figure 7. The outer annulus is less 
clear on the posterior part of the scale. The lateral 
part is similar to type C in Figure 7. 
Figure 12 shows a scale of goldfish with two annuli. 
The first annulus is evident all around the scale, and the 
lateral lines resemble type B in Figure 7. The second 
annulus has less trace on the posterior part of the scale. 
This annulus is similar to type C in Figure 7. 
Figure 13 shows a scale of goldfish with 216 mm stan-
52 
Figure 10. 
Figure 11. 
Scale of 89 mrn goldfish (36 gr) collected 
September 2. 1968. TWo annuli. 
Scale of 154 mm goldfish (209 gr) collected 
September 2. 1968. Two annuli. 
53 
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Figure 12. 
Figure 13. 
Scale of 115 mm goldfish (86 gr) collected 
September 2, 1968. TWo annuli. 
Scale of 216 mm goldfish (518 gr) collected 
July 18, 1968. TWo annuli. 
55 
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dard length. There are two annuli on the scale. The first 
annulus is separated with wide uniform growth from the focus. 
It is difficult to follow the annuli on the posterior part 
of the scale. The first annulus looks like the type B, 
the second annulus looks like the type A in Figure 7. This 
goldfish was taken in July, 1968. 
The relation between scale radius from the focus center 
to the edge of the anterior field and the standard length 
for 120 goldfish is represented in the following equations 
Y = 14.353 + 0.608 X 
where. Y = standard length in mm 
and X = scale radius in mm 
The point 310, 250 represents only two goldfish (Figure 14). 
A larger sample would probably reduce the fluctuations around 
the line. Since the intercept was only 14.3 mm and since 
the variations around the line were large, it was decided 
to assume a direct proportion between scale and body growth 
and recognize that this involves some approximation in back-
calculating growth. The back-calculation was done with a 
nomograph as described by Carlander and Smith (1944). The 
center of the focus on the card strip was put on the zero 
of the nomograph, the lengths at the different annuli were 
read directly. 
Of the 143 scales examined, only one indicated a fish 
over age group IV (Table 7). This was a 224 mm fish collect-
ed in July with 4 annuli. There were 37 without annuli, 
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78 with 1 annulus, and 27 with 2. However, since the sam-
pling had not given equal representation to the smaller 
goldfish, it was necessary to correct the numbers as indicated 
in Table 7. The final age group frequency is then 104 age 0, 
127 age It 27 age II and 1 age IV. The relative abundance 
of the age 0 goldfish is underrepresented because the smallest 
goldfish often were not collected. It is also likely that 
the age groups older than age II are also underrepresented 
because the larger goldfish often were farther from shore 
and not easily taken with the various gear. 
The average length and range of the goldfish in each 
age group when captured in each month are indicated in Fig-
ure 15. The largest age 0 fish are longer than the shortest 
age I fish. Since goldfish spawn much of the summer some 
fish which hatched late in the 1967 growing season may not 
be larger than those which hatch early in the 1968 growing 
season. 
The calculated lengths were also averaged for 20 mm 
groups of fish in each month's collection and were weighted, 
as in Table 7, to get the averages (Table 8). 
Four age II fish had very different growth than the 
others. The first annulus was some distance from the center 
(Figure 13) and the calculated lengths at the first annulus 
of each fish were more than the lengths at the second annuli 
of other fish. These 4 fish are therefore listed separately. 
These fish may have come from aquaria where growth was 
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Figure 15. Mean length and range of goldfish in each age 
group. 
61 
16 
140 
IT 
120 
. 
e 
e 
z 100 
-
l: I 
.... (!) 
Z 
I.&J 80 
..J 
0 
0:: 
~ 
Z 60 
ct 
.... 
en 
40 
20 
or I I I I I I I 
MAY JUNE JULE AUG. SEPT. OCT NOV. 
MEAN LENGTH a RANGE OF GOLDFISH 
IN EACH AGE GROUP 
62-63 
Table 8. Average growth for 259 goldfish collected in 1968, 
arranged in age groups separately for the period 
described. 
Age group Date Number SL at Increments at annuli (mm) 
1968 capture 1 2 3 4 
0 July 48 49 
Aug. 38 52 
Sept. 18 61 
Average 104 52 
I June 21 56 39 
July 19 64 34 
Aug. 40 61 32 
Sept. 35 76 34 
Oct. 1 93 56 
Nov. 11 .2.? ~ 
Average 127 68 35 
II Aug. 2 104 31 27 
Sept. 16 116 43 32 
Oct. 1 120 33 53 
Nov. 4 128 2- 40 
Average 23 117 43 34 
IV July 1 224 73 16 23 100 
II May 1 271 210 46 
July 1 221 ill 60 
Average 4 233 161 59 
fairly uniform and thus lacked early annuli. However, the 
circuli are fairly well spaced indicating more rapid growth 
than often occurs in aquaria. On the other hand, these fish 
may have been in Lake LaVerne and have grown well in 1966. 
Perhaps they represented an early hatch. 
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Food 
Goldfish are without a real stomach; the front part of 
the intestine is dilated and functions as an expandable crop 
(Pincker, 1948, Sarbahi, 1951, and Brown, 1957). Intestine 
samples were obtained by cutting the first third from the 
alimentary canal for the big goldfish and more than the 
third for smaller goldfish. The intestines of the big gold-
fish were opened; the contents were poured into labeled 
vials, and 10% formalin was added to preserve the organisms. 
Small goldfish intestines were kept in 10% formalin until 
date of analyzing. Stomachs from other species of fish 
were emptied into labeled vials and preserved. 
Intestine samples of 72 goldfish were selected for 
examination. All samples for goldfish over 121 millimeters 
standard length were taken in the subsample. The contents 
of each vial were poured into a petri dish. A dissecting 
microscope with 7X magnification was used to determine the 
percentage and identify the following items: plant mater-
ials (seeds, leaves). digested materials and statoblasts 
(internal buds formed at the base of the polypid of Bry-
ozoa and may be found floating free in the water, according 
to Eddy and Hodson, 1961). Higher magnification (35X) was 
used to identify the zooplanktonic organisms and the fila-
mentous algae. A 100X magnification was used to identify 
the small phytoplanktonic organisms and other tiny organ-
isms. Table 9 shows the distribution of the material that 
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was found in the intestine samples. Plant materials were 
formed from leaves and seeds. Seeds were found in July, 
August and September in a low percentage. Statoblasts were 
found in all the months except the one fish in MaYI they 
were picked from the surface of the vegetation under the 
water or were filtered from the surrounding water. Stato-
blasts occurred as high as 55% of the total items or as low 
as 0.5%. Most of the statoblasts were not broken. Chlado-
phora were found in four samples, one sample in June and 
three samples in September in low percentage (trace). Green 
algae (Anabaena and Scenedesmus) were found in all the months 
if we omit the one fish in May. Phacus were found once in 
July. Pediastrum were noticed three times in September. 
Actinastrum were found in one sample in August and twice 
in September. 
Diatoms were represented by three genera (Navicula, 
Cymbella and Synedra). They were found in all the months 
and in most of the samples. Bigger goldfish had less 
diatoms in their tracts than the small goldfish. Trachel-
omonas and Peridinium appeared mostly together in August 
and part of July, but to a lesser extent in June and Septem-
ber. 
Keratella sp. were found in low occurrence in June, 
July, August, and September. Insect larvae were noticed 
in six samples only. Crustacea were represented by Cyclops 
sp. and Bosmina sp. Only 4 fish less than 60 mm standard 
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length had Cyclops in their intestines and no goldfish less 
than 75 mm had Bosmina in their tracts. 
Small parts of clam shell were found in one sample in 
July. Small fish were found in two samples in September. 
Cycloid scales were found in five samples. 
The unidentified materials were small debris or some 
organisms Which were changed during the digestion procedure 
or during the preserving. Digested materials were found 
in all the samples. 
Chironomids and oligochaetes were in high percentage 
of total number of bottom fauna organisms but were not 
found in the intestine samples. Allee and Frank (1949) 
found that goldfish can extract useful food when sufficient 
concentrations of small particles are present. 
Small goldfish have more genera of algae and other 
organisms in their tracts than the big ones due to the 
filtering process of the small goldfish. Bigger goldfish 
can pick up crustacea. 
Parasite 
Anchor worm, Lernaea sp., is a parasitic copepod in-
fecting many species of fish. Anchor worms have a complex 
life cycle involving, 1. free swimming stage 
2. reproductive stage on gills of 
fish 
J. attached stage while eggs are 
developing. 
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The parasites first were noticed as small bloody lesions on 
the base of fins and on the sides of the body (similar to 
symptoms reported by Beckert, 1967) of goldfish on August 
9, 1968. Endus and Rifenburgh (1928) were the first to 
report Lernaea on goldfish in the United States of America. 
In August, 1968, the lake water temperature was within 
the optimal temperature range for this parasite. The op-
timal temperature for Lernaea is between 2)0 C and )00 C 
(Putz and Bowen, 1964, Beckert, 1967). The life cycle of 
this parasite requires 13 days at 280 C. 
Four of the infected goldfish were kept in a small 
aquarium in the laboratory with some vegetation from Lake 
LaVerne. Two small healthy goldfish were added to them. 
After eleven days adult anchor worms were noticed on the 
body of the goldfish, 12 adult worms were picked from these 
six goldfish. 
The next infected group of goldfish was collected with 
an electric shocker on September 2, 1968. About 15% of 
the total catch was infected with adult worms or blood 
lesions. The infected goldfish were maintained in aquaria. 
Many of them died because of the electric shocker, and the 
rest did not feed until the seventh day after their catch. 
Six healthy goldfish were added to the infected goldfish, 
and bloody lesions were later noticed on their sides. TWo 
goldfish were separated. one with an adult worm and another 
with a bloody lesion on its side. The adult worm was 
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picked off under a dissecting microscope, and the place of 
attachment was cleaned from the clotted blood. the same was 
done with the lesion. These fish were kept over one month 
in a small aquarium without any symptoms of infection. 
The aquaria in which the other fish were kept were 
cleaned and tap water added. The water temperature was 
150 C when the infected goldfish were put back in the aquaria. 
A few days later all the symptoms of the parasite disappeared. 
In the period between September 2 and November 26, 1968, 
many goldfish were taken with a seine. The infected fish 
were maintained in the laboratory. Different water temper-
atures between 200 C and 270 C were applied to find the best 
temperature for parasite development. 
Three groups of goldfish including infected fish were 
maintained in three separated containers for 18 days. The 
water temperature ranged from 180 C to 200 C, 2)0 C to 250 C 
and 250 C to 270 C in the three containers respectively. 
The first range of temperature allowed slow development 
without the parasites reaching adult stage. The second 
range of temperature allowed the lesions to develop to adult 
worms, and the other goldfish tended to keep their fins 
folded or sometimes rubbed their bodies on the bottom of the 
container. The last range of temperature allowed very fast 
developing of lesions to adult worms with white tissue 
around the attachment of the worm. Later the adult worms 
disappeared. 
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A group of 18 green sunfish were mixed with 4 infected 
goldfish in a separated tank with a continuous water and air 
bubble supply. Later all the fish were examined and four 
sunfish had bloody lesions on the bases of the fins and 
none on the sides. Overnight the temperature in the tank 
dropped to 160 C. The fish were examined a few days later 
but no parasites were found. Tidd (1965) transferred larvae 
of Lernaea cyprinacea from goldfish to the leopard frog. 
On November 26, 1968. ice was covering the lake when 
the electric shocker was used to collect goldfish. Of 
172 goldfish caught, 10 had lesions and adult worms. TWenty 
of the goldfish including four infected ones were separated 
in a tank with a temperature of 180 C t 10 C. The para-
sites disappeared after a few days. The rest of the infect-
ed goldfish were kept with the rest of the catch in a water 
temperature between 180 C and 200 C. There was no evidence 
of development of the parasites. The last adult anchor 
worm disappeared on January 6, 1969. 
On April 4, 1969, twelve goldfish were collected from 
the area near the inflow from the Memorial Union. Four of 
them had bloody lesions; they were maintained in the lab-
oratory in water with a temperature of 180 C. No further 
developments to Lernaea were noticed. 
On May 12, 1969, a seine was used to collect goldfish, 
but instead of that, 18 green sunfish and 2 minnows were 
caught. Lake water temperature was 190 C when the fish 
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were taken. The water temperature in the laboratory was 
mainta~ned between 180 C and 21 0 C. On June 1, one minnow 
had an adult anchor worm, and one green sunfish had a bloody 
lesion. 
On June 4, 1969, 85 goldfish were collected with an 
electric shocker; eleven of them had anchor worm symptoms. 
Nine of the infected goldfish were put in a separated tank. 
Two more infected goldfish were put in a small aquarium with 
vegetation outside the laboratory. The worms on the last 
group disappeared, although one of them had developed an 
adult anchor worm with two egg sacs. 
On June 24, only one goldfish from the nine had a 
bloody lesion. Three of the rest of the catch which were 
considered healthy fish had developed three lesions on 
their sides and fin bases, but these symptoms later dis-
appeared. 
There are some points that I would like to point out, 
which might be the factors affecting the development of the 
parasite: 
1. Water temperature was not easy to keep constant on the 
level which was optimal for the development. A chlorine 
filtering device made regulating water temperature very slow. 
An electric heater was put in one of the tanks but did not 
work in such a big tank. The anchor worm is very sensitive 
to any change in water temperature. The life cycle requires 
13 days at 280 C and over 100 days at 140 C (Putz and Bowen, 
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1964). 
2. The goldfish in the laboratory were fed mostly a dry 
ration at intervals of one day or more. Beckert (1967) 
reported that. liThe fish in the aquaria should be fed lightly; 
starving fish will feed on the protruding anchor worms of 
other fish. 1t The spoiled tissue around the anchor worm 
attachment makes it easy to be pulled by other fish in the 
container. 
). The electric shocker may have an effect on the parasite 
besides the observed effect on the fish. If there is any 
effect it will probably slow or check the parasite develop-
ment. 
4. Putz and Bowen (1964) found that fish recovering from 
Lernaea may have immunity. 
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SUMMARY 
Lake LaVerne is a 2.82 acre lake on the Iowa State Uni-
versity Campus. 
Limnological observations were taken once a week in the 
morning from June 7 to August 23. 1968. The mean results 
of these observations were: air temperature = 20.1 0 C, 
water temperature = 24.70 C, pH = 7.8, total alkalinity = 
159 ppm caco3 , secchi disk = 61 centimeters, surface oxygen = 
10 ppm, specific conductance = 528 x 10-6 mho/cm, and a 
brownish lake color. 
Potamogeton sp. and Eleocharis sp. were the only two 
kinds of rooted vegetation found in the lake. Fifteen gen-
era of algae were identified. Potamogeton sp. and the algae 
made up the main diet of the goldfish. 
Chironomids and oligochaetes were the main bottom 
organisms in the lake. 
Many species of fish have been stocked in Lake LaVerne. 
Chemicals were used for controlling tree insects or aquatic 
weeds. They nearly eradicated the fish on several occasions. 
Goldfish has been the dominant species since 1966. Fish 
population was estimated in 1948 at 65,277, mostly sunfish, 
and at 37,678 goldfish in September 1968. 
The relationship between weight in grams (W) and length 
in mm (L) were represented by the equation: 
log W = 2.799 log L - 3.964 
The average condition factor, K, of the goldfish was 4.58. 
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The scale method was applied to determine age and 
growth of the goldfish. The characteristics of annuli are 
indicated in photographs. Most of the collected goldfish 
were in the age group It 0, II, respectively. There was 
only one fish in age group IV. 
The relationship between the standard length (Y) and 
the radius (X) of goldfish scale was expressed bYI 
Y = 14.353 + 0.608 X 
Lengths were back-calculated on the basis of direct pro-
portion between body length and scale radius. 
Plant materials made up a high percentage of the 
total volume of the food. Phytoplanktonic organisms were 
found in the intestines on all dates of collecting. Small 
goldfish filter the tiny organisms, big goldfish pick plant 
parts and zooplankton. Pew insect larvae and small fish were 
found in few intestine samples. None of the bottom fauna 
organisms were seen in the intestine samples. 
Lernaea was an abundant ectoparasite on the goldfish. 
Lowered temperatures in the laboratory eliminated the 
parasite from some fish. 
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